Neuropsychological tests have limited sensitivity in identifying subtle residual cognitive impairments in patients with good medical recovery from head injury and post-concussive syndrome. Detecting and characterizing residual 'real life' cognitive difficulties can be problematic for treatment purposes. This study investigated the usefulness of a well-standardized and validated cognitive simulation procedure that is based on complexity theory (The Strategic Management Simulation or SMS) for detecting such impairments. Twenty adults who had suffered moderate closed head injury (CHI) but now generated normal or close to normal neuropsychological test scores , yet continued to experience family, work, or other problems, were compared with matched controls. Comparisons of the patient and control group on simulation scores indicated no significant differences for single, well-structured task components or for information search activity. In contrast, the CHI sample was impaired on numerous tasks that require intermediate or complex cognitive efforts. The CHI sample generated significantly lower performance scores for strategic functioning, activity levels, information utilization, emergency responsiveness, planning, and breadth of decision-making. These findings suggest that SMS may provide a highly sensitive assessment tool for the assessment of subtle cognitive deficits after CHI.
causes of continuing neurobehavioral deficits, many patients who continue to have difficulties generate a pattern of normal or near normal test results that provide few leads for further management of their daily behavioral and vocational problems.
There are a number of possible reasons why current standardized neuropsychological tests may not reveal subtle residual deficits in attentional, memory, and executive functioning (e.g., Lezak, 1995; Segalowitz, Bernstein, & Lawson, 2001; Suhr & Gunsted, 2002) . For example, tests are typically administered one at a time, in a quiet room, one-on-one, and in highly structured fashion, with no interference and with limited stress-a setting that is removed from many real world demands. Hence, such test settings are more characteristic of effectiveness in 'contextual' task settings, that is, tasks where the stimulus materials, goals, instructions, and task demands are straightforward and welldefined. In contrast, many real-world tasks on the job, or in family life in some part require self-generated and less clearly defined behaviors and actions with varying outcomes and urgency.
Residual deficits after head injury are usually reported by family members, by employers, and in some cases by the patients themselves. Quite in contrast to neuropsychological tests with established reliability and validity, the reliability and validity of reports by families, employers, or patients themselves may be difficult to establish. Nonetheless, in many cases they reflect serious problems which previously injured individuals continue to face . Consequently, it is important to obtain precise information on the degree and nature of such residual deficits. Satish, Streufert, & Eslinger (1999 ) and others have argued that optimal diagnostic standardized instruments should assess patient responses that are relevant to real world functioning. In addition, these instruments should maintain reliability and validity and they should quantitatively uncover impairments that limit a person's day-to-day effectiveness in both simple and complex task settings. These requirements are present in the Strategic Management Simulation (SMS) , an assessment technology employed in research and practice in cognitive and social science (e.g., Breuer, 1992; Satish et aI., 2001; Streufert, 1970) . The SMS is in use worldwide to measure the effective functioning of uninjured individuals.
Measurement of Functioning
(1) The Strategic Management Simulation (SMS). The SMS technology is based on behavioral (cognitive) complexity theory (e.g., Schroder, Driver, & Streufert, 1967; Streufert, 1997; Streufert & Streufert, 1978 ; cf. the review by Satish, 1997) . Behavioral complexity theory is much older than the more recent (chaos theory based, cf. Gleick, 1987) science-wide complexity theory (e.g., Kauffman , 1992 ; for a comparison of the two theory systems, see Streufert, 1997) . Both theories emphasize the importance of multidimensional adaptive functioning at the "edge of chaos" towards success in complex task settings. While both complex and simpler (contextual) challenges do require the "executive" functioning discussed by neuropsychologists, complexity theory views contextual settings as representing lesser cognitive demands than do many other work or life situations that must be handled on a day-to-day basis. The advantage of the complexity-theory-based SMS measurement technology is its capacity to precisely assess responses to both contextual as well as complex task challenges. Using this technique to assess individuals with apparent residual deficits following prior head injury, one would predict that contextual (simpler) task requirements may be handled adequately, while noncontexual (more complex) challenges may result in less effective functioning.
The SMS technique has been used worldwide for the last four decades (e.g., Breuer & Streufert, 1985; Satish & Streufert, 1997; Streufert, 1970; Streufert, Pogash, & Piasecki, 1988 ) to identify individuals who are able to function effectively in simpler settings and as well in more complex tasks, that is, settings where volatile, uncertain, complex, and ambiguous task situations (often, in addition, involving delayed feedback "VUCAO") exist. SMS performance data are collected via a simulated real-world equivalent task where the participant is able to engage in various self-generated and sequential actions across several hours to deal with an interrelated flow of concurrent problems. Participants perceive the simulated setting as quite realistic and meaningful. As often paralleled in real life, the simulated task continues over a sustained period of time (for example, to allow for sequencing, planning, development of strategy, etc.). In contrast to several other assessment approaches, the SMS allows participants to respond in relevant, creative, and/or diverse ways to specified contextual demands and to more open-ended challenges that are provided by a computerpresented scenario. Participation in SMS requires a 3-or 4-hour period. Before starting the simulation, participants are given a manual about the situation they are about to encounter. They view a video "newscast type" presentation about current and prior relevant events in their task setting. Maps and relevant props are provided .
Several matched (high test-retest reliability) SMS scenarios are available. For example, the participant may be given responsibility for emergency management of a (simulated) county where it has been raining for days, where landslides are possible, where dams could overflow, and where some roads are already flooded (SMS "Woodline County" Scenario). Information about (limited) available resources is provided. Once the simulation begins, participants regularly receive computer-generated information about ongoing events. While some of that information is partly responsive to prior participant actions (to maintain reality perception) all important events messages generated by the simulation are preprogrammed in text and timing. This procedure assures that all participants have the same experience. Moreover, it allows for meaningful comparison among the performance data of participants, as well as meaningful comparison of the data obtained from anyone participant with established optimal criteria (based on the relationship between performance scores and the real-world success of thousands of prior participants across job categories, cultures, nations, and continents).
Participants can engage in any actions/decisions that they view as relevant. They can initiate actions or continue action sequences at any point in time. In contrast to many other research settings (for example "microworlds" and most paper-and-pencil tests), a participant need not wait for computer-provided information before engaging in an action, and need not respond to each information item. Action/decision texts generated by a participant are entered into the simulation computer (together with received information that led to the action , if any, relevant prior participant actions, and future plans, if any). Entered texts are translated into six digit numerical computer codes that are later used by the system to calculate performance scores.
Performance is computer scored and calculated, eliminating potential sources of bias that are often introduced in other (observer or participant based) simulation measurement systems. The simulation generates data indicating how a participant manages multiple and sequential task components under normal (routine) conditions as well as in emergency situations. Scores on nine measures of functioning allow performance comparison between different simulation participants.
The SMS has been repeatedly validated against real-world success across multiple tasks and in various settings worldwide (e.g., Breuer, 1992; Streufert et aI., 1988; Streufert & Streufert, 1978 , Streufert & Swezey, 1986 . Although the correlation of SMS-generated measures with other tests, including earlier and later WAIS intelligence test formats, are low (.27 or lower), predictions of real-world success [e.g., (a) income at age, (b) job level at age -both corrected for industry and location, (c) number of promotions over a fixed time period, (d) number of supervisees as well as (e) 360 degree success ratings (cf. Streufert et aI., 1988; Streufert & Swezey, 1986) ] are four times as high as predictions of success via intelligence measures. Test-retest (alternate form) reliabilities of the simulation measures are as high as r = .92.
(2) Neuropycholocial tests. Participants in this research had responded to neuropsychological tests that measure "executive function," that is, cognitive competencies that often deteriorate following closed head injury. Each test is briefly described below:
The Wisconsin Card Sorting Test evaluates frontal lobe function integrity, including the capacity to develop and test hypotheses. Subjects sort cards according to a rule that changes periodically. The Galveston Orientation and Amnesia Test (GOA T) measures how the individual orients himself/herself in terms of person, place, and time, and how memory for events prior to and following injury functions. The Controlled Oral Word Association Task (COWA) assesses verbal fluency. Subjects are to provide words beginning with a specified letter within a restricted time. The Trail Making Tests (TMT) measure visual-motor functioning. In Trails A the subject uses a pencil to interconnect randomly placed numbered circles. Trails B, in addition, tests for the application of two mental processes, employing both number and letter sequences as well as alternation among the two sequences. The Go/No-go Association Task (GNA T) focuses on implicit cognition by measuring the evaluation of a given concept in terms of a single category, multiple categories, via superordinate categories, generic categories or in category-free format.
Purpose
The intent of this research was to determine whether measurement via the SMS is able to identify and specify residual performance deficits in individuals with prior moderate closed head injury, even though those deficits are not, or are no longer, evident via assessment by standard neuropsychological tests. Because SMS measurement focuses on a wide range of requirements that are needed to be successful in day-to-day life, the technique should show whether and how neurological patients display deficits that would impact upon their functioning on multiple task components. Deficits, if any, will be assessed under both routine conditions, and under conditions of complexity, change, and during periods of uncertainty. To determine whether this technology is able to uncover such deficits, the SMS performance of closed hlead injury (CHI) patients with residual deficits are compared with matched uninjured controls.
Method

Subjects
Twenty individuals (9 male and 11 female between 19 and 45 years of age; mean age = 32) with prior moderate CHI (Glasgow Coma Scale score range 9-12) were recruited from Clinical Neuropsychology services. None had any previous neurological or psychiatric history nor any complicating conditions of seizures, major depression, or basic sensorymotor impairments. All were studied in the chronic phase of recovery, that is, at least 6 months after Traumatic Head Injury (THI). None among them was involved in legal proceedings. Their intelligence quotients (WAIS) ranged from 88 to114 (mean = 99.7) and their job characteristics (if employed) placed them into average service (e.g., waitress) or mechanical (e.g., machinist) positions.
All of the participants continued to have sE3rious problems in their social and work productivity realms as reported by their families, their work supervisors (where applicable), and/or by themselves. Their concurrent neuropsychological test scores, however, were normal or close to normal. Memory scores ranged from normal to low normal. Controlled word association values were mostly in the average range but in a few cases varied from low average to high average. Go-noGo performance was intact (20/20) in all cases. Wisconsin card sorting scores were generally within one standard deviation of average; 1 person exceeded the p score value by 1.2 standard deviations. All GOAT values were 100 (intact). All Trails A scores were located within one standard deviation; three individuals slightly exceeded one standard deviation on Trails B. The THI sample was compared with 20 matched (socio-economic status, gender, age, and education) volunteers with no neurological or psychiatric history. All participated in a simulation.
SMS Simulation
Each participant arrived at the simulation laboratory in the morning of research participation and received both written and video briefings on the "Woodline County" task (a standardized SMS scenario), one of four parallel SMS scenarios. At the start of the simulation, participants were instructed that they would be in charge of emergency management for Woodline County. Information about resources (both material and personnel) under their control was provided. Each participant was given freedom to utilize those resources at any time and in any way during the simulation. Once the simulation began, the standardized computer program continued to provide information about ongoing events presented on a video screen and via hard copy printout. Much of that information was preprogrammed in text and timing to assure equivalent task experiences across participants. Part of the problems which participants experienced in the Woodline County simulation reflected routine events that could be handled relatively easily. Other, more difficult, events provided greater challenges. For example, they included an emergency that occurred when a dam broke and a wave of water threatened to wipe out two towns along a steep riverbed. That serious problem permitted measurement of actions during emergency conditions that could be compared with functioning during times of routine task demands. Participants could take any action at any time. As a result of the freedom to engage in any kind of activity (within the framework of available resources), action frequencies and other performance characteristics of the simulation participants can vary widely across individuals. For example, while some persons choose more contextual actions (using the specific incoming information as a guide for their actions), others may focus to a greater extent on initiative, planning, and on engaging in diverse and creative strategies to deal with problems at hand.
During the simulation, a technician (blinded to all subjects' backgrounds) transcribed the actions and decision statements of each participant verbatim into the computer. Based on that text, the software program utilized a six-digit number (each possible decision has a preassigned numerical code) to generate data for subsequent analysis. The software program further collected information on the participant's future plans, his or her utilization of available opportunities, frequency and speed of reactions to incoming information, as well as other task performance indicators. These numeric computer codes provided the basis on which the simulation software program subsequently calculated performance scores . Nine SMS assessment measures were used to evaluate participants' characteristic functioning during simulation participation (see Table 1 for summary description).
The measures are deemed independent of each other (they were developed on the basis of replicated, with different samples, factor analysis varimax rotation) . Each measure has been repeatedly validated against participants' effectiveness in the real world (e .g., income at age, job level at age, number of promotions over a 10-year period, number of persons supervised , etc., see Streufert et aI., 1988) . Additional validity information has, for example, been established in research comparing the impact of stress or of various drug effects upon simulation functioning (e.g., increasing levels of alcohol consumption result in progressively diminished functioning (Streufert et aI., 1993) . Table 1 
SMS Assessment Measures
Activity. The number of actions taken during the simulation performance. High to moderate scores reflect an adequate amount of decision making in the real world , while dysfunctional scores are indicative of a suboptimal number of decisions made .
Speed. Time delay between information receipt and action. Higher score values indicate more time taken prior to response .
Speed (emergency) .
A measure of the rapidity of decisive emergency action. Higher score values indicate more time taken prior to response.
Contextual responsiveness. The number of actions taken that are directly relevant to reported events.
Initiative. Development of new (creative) activities . High scores are optimal.
Information search . Scores reflect self-generated search activity, that is, the degree to which an individual searches for information prior to potential action. Higher scores indicate more search activity.
Information utilization. Information obtained through search that is subsequently utilized toward the attainment of goals.
Breadth . Different kinds of actions (for diverse purposes and/or employing diverse approaches) that are utilized to attain goals. Higher scores are optimal..
Strategy.
The number of plans that are realized by engaging in an initial action that leads in strategic fashion to a subsequent action across different decision areas. High scores are optimal.
Results
Even though independence of the obtained performance scores might be assumed (varimax rotation), a correlation analysis was used to determine whether any level of intercorrelations among the measures was present, that is, to check on any potential interrelationships. The highest obtained correlation between any two variables was r = .23 (5.3% common variance). Despite that low interrelationship, it was decided to be cautious and to consider p values of < .05 to be insignificant, and a value of p < .01 as marginal (a precaution against a Type 1 error).
Performance variable comparisons for the patients vs. the matched controls employed separate between-subjects analysis of variance techniques. The obtained results are presentE!d in Table 2 . Controls obtained higher scores than patients on activity (p < .001), breadth of approach (p < .001), and strategy (p < .001). In contrast, patients scored higher on contextual responding (p < .001). Controls generated a marginally higher level of initiative (p < .01). No differences in speed of response was obtained under normal task conditions (NS), but patients responded much more slowly (higher time score value) than controls during the emergency (p < .001). Although patients tended toward insignificantly higher information search activity (p < .05), their information utilization was inadequate (p < .001). Persons who had sustained moderate traumatic head injury and whose neuropsychological test scores had returned to normal, yet apparently still suffered from residual deficits, were compared with matched controls. Individuals with prior moderate head injury and residual reported deficits generated less effective performance on a number of simulation variables. However, they exceeded their control counterparts in contextual responding to computer-generated information. Contextual activity is, of course, easierto perform and often (e.g., in simulation research comparing alcohol with placebo, see above) generates elevated scores when simulation participants experience cognitive deficits. Although the head-injured participants did not meaningfully differ in information search, they were much less effective in utilizing the information they did obtain via search. They likely had engaged in information search in an attempt to generate additional contextual messages, but their responses to those messages was, in many cases, ineffective. Their only area of greater strength was in contextual responsiveness (p < .001), that is, responding to the directly stated demands of a situation or task. These findings support the view that such individuals would likely perform adequately in the more structured and straightforward tasks that characterize many standard neuropsychological tests.
The obtained data may help explain why previously headinjured individuals can, after initial recovery, perform well on most neuropsychological tests, yet may experience difficulties in their personal , social-community, and vocational spheres of much less structured dayto-day life. In particular, tests that are administered in well-organized and familiar formats, with full instruction , often require contextual responding. This is one of the areas in which the present head injury sample continued to perform well. It is the other (noncontextual) simulation measures that indicated where problems continued to exist. One of the important characteristics of executive functioning that the SMS can quantitatively measure is relational reasoning and decision making that depend upon relational integration (ct., Waltz et aI., 1999) . That is, rather than focusing mainly on components of contextual executive functioning (such as working memory, abstraction, response shifting), the SMS purposely includes assessment of perception and integration of multiple and changing relations amongst task parameters. For example , the simulation participants can focus on goals, decisions, effects of actions, and outcomes of prior decisions as sources for further decision making. Breakdown in precisely these kinds of cognitive processes has been demonstrated in frontotemporal dementia patients and has been associated with the kinds of problem solving that are associated with fluid intelligence (or Spearman's g; Duncan et aI., 20100; Waltz et aI., 1999) .
In summary, the obtained data indicate that the SMS can identify residual cognitive impairments after concussion. The present research measured residual deficits in patients with prior moderate traumatic head injury. Additional future efforts utilizing the SMS should be carried out (a) to determine whether similar results are obtained in patients with residual deficits after mild head injury, and (b) to determine how SMS scores compare with various neuropsychological test measures during the acute phase following mild or moderate traumatic head injury. (c) While it is in question whether the SMS will be useful with patients with severe traumatic head injury (cognitive requirements of the simulation task may be excessive for this group), its potential usefulness should nonetheless be explored. (d) Future research efforts might determine at what points in time after injury specific neuropsychological tests vs. SMS-based measurement might be optimal.
